To date, there are rather limited data analyzing and comparing the surgical outcomes in patients undergoing surgery for different sphenoid wing meningiomas at a single center with modern techniques in the present mi crosurgical era. We review the experience of resection of meningiomas of the sphenoid wing at a single center, in the radiosurgery era, using modern neurosurgical tech nology.
Methods

Patient Population
All patients undergoing neurosurgical intervention at UCSF are prospectively enrolled in a database. Using this database we identified all patients who underwent re section for meningioma. From this cohort we selected pa tients undergoing resection for a sphenoid wing menin gioma between 1998 and 2007. This study was approved by the UCSF Committee on Human Research and all pa tients provided informed consent.
Microsurgical Technique and Perioperative Management
Preoperative evaluation of all patients included T1 and/or T2-weighted MRI studies obtained with or with out contrast. Use of contrast allows visualization of the extent of tumor while T2 images may display the arach noid layer around the tumor, and also adjacent brain ede ma, the latter giving some indication of adhesion to the surrounding parenchyma. Preoperative embolization was performed for larger tumors according to the discretion of the treating surgeon, and when the supplying vessels were accessible for intravascular occlusion performed using polyvinyl alcohol particles. The goal of preopera tive embolization was to both reduce tumor vascularity and intraoperative blood loss, consistent with our prior published experience. 8 Surgery was only performed un der general anesthesia and after endotracheal intubation. All surgeries performed benefitted from the use of surgi cal navigation systems of a variety of types and manu facturers. Standard microsurgical technique was used. Due to the infiltrative nature of higher-grade lesions, the pial plane was usually obliterated throughout the tumor parenchymal interface. These tumors tend to be softer in composition than benign meningioma types, and therefore are usually debulked with use of the Cavitron ultrasonic surgical aspirator and/or the Sonopet (Miwatec, Japan). On completion of the tumor debulking and/or removal, the bone flap was replaced and the scalp reapproximated. Tumorinvolved bone was removed and cranioplasty done with titanium mesh and/or methyl methacrylate.
Intraoperatively, all patients received decadron (10 mg), mannitol (1 g/kg), and ceftriaxone (1 or 2 g) at the time of incision. Postoperatively, all patients were cared for in a neurointensive care unit for 1 day before returning to the ward. On postoperative Day 2, a prophylactic dose of enoxaparin (40 mg subcutaneously each day) was initi ated in most patients and continued for 1 week. Routine use of venous thrombosis prophylaxis was not started un til after 2001. The incidence of postoperative intracranial hemorrhage was no different in the patient groups before or after routine prophylaxis was begun. 6 
Data Collection
Clinical information was retrospectively reconstruct ed using patient medical records, radiological data, and pathological specimens from both UCSF and other medi cal facilities. All clinical assessments were performed by a neurosurgeon, and whenever necessary the attending surgeon was consulted to clarify any discrepancies. The preoperative postcontrast T1-weighted MRI sequences were reviewed to confirm tumor location and to classi fy these tumors based on which portion of the sphenoid wing the base of the tumor arose from. Intraoperative findings described in the operative report in all cases cor related well with the presumed area of attachment sug gested by radiological studies. Although the majority of large tumors made contact with MCA branches at some point along their apex, we defined vessel encasement as tumor surrounding at least 270° of the circumference of the supraclinoid ICA or the M 1 segment of the MCA, as defined by T2-weighted images. Large tumors that were attached to more than one part of the sphenoid wing (4 tumors), extensive en plaque meningiomas (6 tumors), predominantly hyperostosing meningiomas (7 tumors), and tumors predominantly located in the orbit (8 cases) were excluded from this analysis because they could not be reliably classified using the 3-tiered system described above, and in our experience the surgical issues these tu mors raise are quite different from those in the globoid tumors, and thus these tumors were excluded to ensure a relatively homogeneous cohort. Central pathology review was performed on the basis of the WHO 2000 guidelines.
In each case, extent of resection was analyzed based on both gross surgical impression of subtotal versus grosstotal resection and by using the Simpson grading scale. This information was obtained from the surgeon's assessment found in the operative notes. In all cases the immediate postoperative MRI findings correlated with the surgeon's intraoperative impression. Mortality data were determined from medical records and were cross checked against the Social Security Death Index. All data were compiled in an electronic database and cross checked for accuracy before being subject to any statisti cal analysis.
Statistical Analysis
Binary variables were compared using the Pearson chisquare test, and odds ratios were calculated by com paring the risk of new or worsened neurological dys function to the reference variable. Continuous variables were compared using an independent samples ttest or ANOVA. Continuous variables are presented as the mean ± SE. Statistical tests were considered significant when p < 0.05 after correcting for multiple comparisons by using the Bonferroni method. All odds ratios reflect the risk of having new or worse neurological dysfunction after sur gery.
Results
Patient Demographic Data
A total of 59 patients underwent treatment for sphe noid wing meningioma during this period, of whom 56 underwent microsurgical resection and 3 underwent SRS. The 3 patients treated with radiosurgery were included in the analysis of presenting symptoms; however, they were excluded from the surgical outcomes analysis. The demo graphic characteristics of individual patients can be seen in Table 1 . The median age at presentation was 58 years (range 28-84 years). The mean age and sex distribution of these patients did not differ between those with medial third, middlethird, and lateralthird tumors. The median length of postoperative followup was 4.1 years, and did not differ significantly between groups.
Presenting Symptoms of Patients With Sphenoid Wing Meningiomas
The presenting symptoms of the patients in this se ries are summarized by site of tumor attachment in Table  2 . This complex table can be summarized as follows: vi sual compromise is predominantly a feature of medial third sphenoid wing meningiomas, and not unexpectedly declines in frequency as tumors move more laterally on the sphenoid wing. As the tumor origin moves laterally, symptoms become less visual, and more the result of cor tical compression by tumor. Of note, proptosis was more common with the middlethird tumors than with either medialthird or lateralthird tumors. Table 3 summarizes the relative patient, histopatho logical, and imaging characteristics of medialthird, mid dlethird, and lateralthird sphenoid wing meningiomas. Of note, the mean tumor volume did not differ significant ly between the 3 groups (medial 32 ± 6.2 cm 3 vs middle 53 ± 11 cm 3 vs lateral 28 ± 8.1 cm new or worsened neurological deficit (OR 2.7, p < 0.05) ( Table 5 ).
Outcome After Resection of Sphenoid Wing Meningiomas
Discussion
Depending on the specific anatomical characteristics of the tumor, resection of sphenoid wing meningiomas can range from a straightforward procedure obtaining grosstotal resection to a complicated and risky proce dure in which total tumor removal is unwise due to tumor adherence to critical neurovascular structures. Although cranial base meningiomas in this region can assume a va riety of structural and anatomical configurations relative to the skull base and its contents, with thoughtful system atic analysis of preoperative imaging data, the anatomy of these tumors can be simplified to a series of component parts, facilitating operative planning. In this study, we aimed to describe outcomes using contemporary surgical techniques, to better clarify the expected rates and out comes for these lesions in the modern era. Radiosurgery, and a growing propensity for observation of smaller me ningiomas, has inherently altered the profile of tumors undergoing resection at our center and others, because they are likely to be bigger and more aggressive that those operated on in the past. 16 Importantly, medialthird sphenoid wing meningio mas are most notable for their proximity to the ipsilateral optic nerve and optic apparatus, which is the symptom prompting the diagnostic imaging study in more than two-thirds of these cases. Optic canal invasion and CS involvement are frequent features of these tumors, and are more common than with lateral parasylvian tumors. This medial and posterior location of these tumors usu ally requires an orbital osteotomy to obtain the anterior toposterior trajectory necessary for effective visualiza tion of the tumor base and its relationship with the optic nerve. In many cases of larger lateral sphenoid wing tu mors, an orbital or orbitozygomatic osteotomy is unnec essary. These lateral tumors frequently create their own unique challenges, namely bone reconstruction, orbital repair, and softtissue repair and cosmesis, which require consideration in the preoperative planning. Additionally, when there is hyperostosis of the greater sphenoid wing with involvement of the posterolateral orbit and floor of the middle fossa, an orbitozygomatic approach drops the temporalis muscle bulk away from the line of sight for the surgical approach and facilitates removal of involved bone in the posterolateral orbit above and below the su perior orbital fissure and medially to the foramen rotun dum and foramen ovale. 4, 12, 13 Thus, approach selection for lateral sphenoid wing meningiomas should be performed on a casebycase basis, with a bias toward avoiding the use of orbital osteotomy in these cases unless necessary.
Furthermore, the medial tumors are in proximity to the paths of the third, fourth, and first and second divi sions of the fifth cranial nerves running in the lateral wall of the CS or superior orbital fissure, and the rate of postoperative cranial nerve palsies is consequently higher with medially located tumors. In fact, the rates of neuro logical deficits in general were significantly greater with these lesions, even controlling for other tumor factors. This probably results from the significantly greater pro pensity of these tumors to invade the optic canal, encase major vessels, and invade the CS along the path of the cranial nerves. This occurred in our series despite a con scious bias on our part toward limited resections in cases of dense tumor adherence to critical neural and vascular structures. As with many cranial base tumors, there still exists significant between-center variability in practice patterns for the management of sphenoid wing meningiomas. In general, our impression is that the pool of surgically treated sphenoid wing meningiomas has generally be come increasingly technically complex, because simpler tumors are more frequently undergoing observation or radiosurgery. As experience with these lesions increases, certain ideas are increasingly gaining acceptance, and we believe this series reflects the results of patients managed in this fashion. First, although vascular encasement is common, and sometimes the arachnoidal plane remains intact enough to dissect the vessel free from the tumor, in many cases the tumor is too adherent to do this, and should be truncated and left as a small pad on the vessel. Previous efforts to remove adherent tumor from encased vessels have been met with rates of vascular injury ex ceeding 20%. 10 In cases of vessel encasement, we conser vatively explore to see if the arachnoidal plane has been preserved and can easily be removed from the vessel. If this is not possible, then we shave down the residual tu mor to make it as small as possible and leave it, to be fol lowed and treated with radiosurgery or fractionated SRS. This conservative approach seems to have reduced the rates of vascular injury, despite the arterial system being encased in nearly half of our medialthird sphenoid wing tumors. We hypothesize that many of these tumor rem nants undergo growth arrest and remain dormant, based on data that we have previously published showing that aggressive tumors with neartotal resections often do not recur, even with no additional therapy. 17 Additionally, we and others have largely ceased chas ing these tumors into the CS given the excellent rates of control with adjuvant radiosurgery or radiotherapy in this region. 18 The rates of successful tumor control with this approach have generally been good, with control rates ap proaching 80% over 7-8 years postsurgery without any additional treatment. 1, 3, 14 Presently the major remaining morbidity in modern management of these tumors is cranial neuropathy, typi cally of the third cranial nerve, and typically with medi althird tumors. We try to minimize the use of cautery near the tentorial junction, near where the third cranial nerve would be expected to enter the oculomotor trian gle. Despite this, and despite not entering the CS, we saw partial third nerve palsies in approximately 20% of our medialthird tumor cases. Similar numbers have been reported by other groups. For example, AbdelAziz and colleagues 1 reported cranial neuropathies in 16% of their cases, and Langevin and colleagues 11 noted diplopia in 15.8% of patients. These similar rates suggest that a better understanding of the relationship of tumor to tentorium and clinoid process is needed to reduce this rate further in some of the more difficult cases in which we still get cranial neuropathies. 
